INTRODUCTION
In clinical practice, alpha-fetoprotein (AFP) is a useful tumour marker for screening or monitoring hepatocellular carcinoma or yolk sac tumours. However, other human tumours can also produce AFP. The complexity of the disease makes the differential diagnosis challenging, especially when the primary tumour is unknown and a hepatic mass is the only initial finding. Currently, it is easy for these tumours to be misdiagnosed as primary liver cancer because of the elevated AFP levels. Hepatoid adenocarcinoma (HAC), a typical histologic subtype of hepatocellular carcinoma, has been described in various organs, such as the stomach, ovary, renal pelvis, papilla of Vater, lung, and pancreas. The stomach is one of the organs in which HAC has been most frequently identified. HAC that originates in the stomach is termed hepatoid adenocarcinoma of the stomach (HAS) [1] .
At present, the underlying mechanisms regarding the development and progression of HAS are unknown. HAS is frequently characterized by the presence of both adenocarcinoma and hepatocellular carcinoid differentiation at the same time. The majority of patients present with elevated serum AFP levels. Compared with gastric cancer without components of HAC, HAS has a higher degree of malignancy and a poorer prognosis.
HAS is rare in clinical practice. Although various cases have been reported in recent years, there is still a lack of systematic research regarding HAS. HAS is a relatively rare type of HAC. Previous case reports or case analyses focused on the diagnostic or pathological features rather than treatment outcomes. In this study, we evaluated the clinical data, pathological features, treatment results, and prognosis of gastric cancer patients. The present study analysed the data of 13 patients diagnosed with HAS who underwent surgery at The First Affiliated Hospital of Wannan Medical College between January 2014 and December 2016 to improve our understanding of HAS.
CASE PRESENTATION
Patients with pathologically diagnosed HAS were enrolled at The First Affiliated Hospital of Wannan Medical College between January 2014 and December 2016 and were retrospectively analysed. Among 2343 patients with gastric cancer, 13 (0.55%) were diagnosed with HAS. Among them, 10 were male, and 3 were female. The patients were aged 55-85 years, with an average age of 66.08 years. The tumour stage at diagnosis was stage I in 1 patient, stage II in 3 patients, and stage III in 9 patients.
After admission, a detailed medical history of all patients was collected, a physical examination, gastroscopy examination of the abdomen, and coaxial tomography (CT) were performed, and the AFP levels and other tumour markers were measured. The surgical method (radical or palliative surgery) was selected according to the extent of tumour invasion, and routine pathological and immunohistochemical examinations were performed on the surgical specimens. The majority of the patients received postoperative chemotherapy, regular CT examinations, tumour marker level detection, and long-term follow-up.
Chief complaints
Of the 13 patients, 10 had symptoms such as abdominal discomfort and postprandial aggravation, 2 complained of haematemesis and black stool, and 1 was admitted to the hospital due to elevated levels of AFP detected during a physical examination.
History of present illness
None of the 13 patients had received relevant treatment and were treated for the first time at our hospital.
History of past illness
Additionally, 1 patient presented as positive for hepatitis B surface antigen, 1 patient had a history of treatment for gastric ulcers 8 years ago, 1 patient had a history of type 2 diabetes, and 3 patients had a history of hypertension.
Personal and family history
Three of these patients had hypertension, two of them had simultaneous cerebral infarction, and two of these patients had diabetes. None of the patients had any other family members with similar diseases.
Physical examination upon admission
None of the patients had typical symptoms on physical examination, 6 patients had mild upper abdominal tenderness, and 5 patients had anaemia manifestations of different severities. The other tests showed no obvious abnormal manifestations.
Laboratory examinations
The 13 patients had anaemia of varying degrees. The serum AFP levels in 7 patients were elevated. The carcinogenic embryonic antigen levels of 7 patients were elevated, and carbohydrate antigen 199 levels were increased in 3 patients. There were no cases in which CA-125 and other tumour marker levels were elevated ( Table 1 ).
Imaging examinations
Abdominal CT revealed abnormal thickening of the gastric wall in 10 patients, and the examination revealed enlarged lymph nodes around the stomachs of 8 patients. None of the patients had liver metastases before surgery ( Table 2 ).
FINAL DIAGNOSIS
The diagnostic criteria for HAS were based on the pathological and morphological characteristics. The diagnosis of HAS was defined as the pathological detection of gastric cancer containing hepatoid differentiation, regardless of whether there were elevated levels of serum AFP. All 13 patients were diagnosed with HAS.
TREATMENT
A total of 13 patients were hospitalized and underwent surgical treatment, among whom 11 underwent D2 radical gastrectomy. One patient was found to have colon cancer during surgery, and thus, a radical resection was performed at the same time. One patient was found to have peritoneal metastasis during surgery and thus underwent palliative surgery. Cerebral haemorrhage occurred in 1 patient on the first day after surgery. No other complications occurred in the other patients during the perioperative period.
Postoperative pathology revealed lymph node metastasis in 10 patients. According to the Tumour-Node-Metastasis staging system for gastric cancer (8 th edition) published by the American Joint Committee on Cancer, the postoperative clinicopathological staging of the 13 patients was as follows: 1 patient as stage I; 3 patients as stage II; 8 patients as stage III; and 1 patient as stage IV. All patients were pathologically confirmed to have HAS that was detected by immunohistochemistry (IHC) (Figures 1 and 2) . Postoperatively, 10 patients underwent different courses of chemotherapy based on fluorouracil.
OUTCOME AND FOLLOW-UP
After surgery and chemotherapy, 3 patients were lost to follow-up, and the other 10 patients underwent follow-up until January 2019, including regular physical examination, tumour index examination, and imaging examination. By the end of the last follow-up, 1 patient had died of postoperative cerebral haemorrhage, and 4 patients died due to tumour recurrence. Three patients survived, although they showed evidence of disease progression (Table 3) . 
DISCUSSION
Ishikura et al [2] reported a gastric adenocarcinoma that produced AFP and termed it HAC. HAC is considered relatively rare worldwide. Certain cases of HAC originate in the colon, oesophagus, lungs, urinary reproductive system, or other parts of the body; however, HAS accounts for 83.9% of the total number of HAC cases. The antrum of the stomach is the most common site of HAS [3] . HAS accounts for a very low proportion of malignant gastric tumours and 0.3%-1% of all cases of gastric adenocarcinoma [4, 5] , which is in agreement with the rate of occurrence detected in the present study (0.5%). The development of gastric cancer rarely originates directly from the normal gastric mucosal epithelium, instead typically undergoing a rather long evolutionary process before being considered cancerous. Dysplasia of the gastric mucosa and intestinal metaplasia are considered precancerous lesions of gastric cancer.
The development of HAS is not completely understood. A possible explanation is based on the fact that the stomach and liver originate from the endoderm and from the primitive foregut during embryonic development. Therefore, these two organs are closely related in histology and embryology. In the process of tumour development, some primary gastric cancer cells are abnormally differentiated into hepatocytes, which develop into HAS and produce AFP [6] , thus fully reflecting the heterogeneous characteristics of tumour growth. The AFP levels in the serum in a few patients with HAS were not elevated. The medical records showed that the serum AFP levels of 7 patients were significantly elevated, while the levels of 4 patients were normal.
HAS predominantly occurs in elderly men, with men of all ages accounting for approximately 70% of all cases. The average age of onset was 63.5 years old, similar to previous reports [7] . HAS is frequently present in the gastric antrum and body (76.9%) but rarely in the cardia and gastric fundus (23.1%). Infiltrating ulcer type was the most frequent tumour type, accounting for 68.5% of all cases [8] . The primary clinical symptoms were abdominal pain, abdominal distension, black stool, and other upper gastrointestinal symptoms, which lacked specificity.
The majority of the patients were male (76.8%), with an average age of 66.1 years. The tumours of 11 patients were located in the gastric antrum and gastric body (84.6%). The statistical results of the 13 patients in the present report were similar [9] .
Currently, the preoperative diagnosis of gastric HAC is difficult. Statistics show that the positive rate of endoscopic biopsy is very low at only 9.3% [10] . In clinical practice, most patients need to rely on pathological and immunohistochemical results after specimen resection. As the tissues clipped by the endoscopic biopsy forceps are thin and shallow, the area of HAS hepatoid differentiation accounts for a small proportion of the cancerous tissue frequently located in the deeper parts of the tumour. Preoperative endoscopic biopsy did not reveal the presence of HAS; instead, all cases were identified by postoperative pathology.
Although the increase in the serum levels of AFP was a significant factor in diagnosing HAS, there were still patients with HAS whose serum AFP levels were not increased despite pathological results that demonstrated the presence of hepatic [3] reported that 70%-80% of patients with HAS had elevated serum AFP levels, which was hypothesized to be associated with the degree of tumour differentiation. Certain patients had normal serum AFP levels, suggesting a low degree of tumour differentiation. In addition, Nagai et al [10] reported that 46% of gastric HACs were AFP-negative, and irrespective of whether AFP staining was positive, the presence of microscopic hepatoid features was deemed highly indicative of prognosis. Therefore, the level of serum AFP should not be used as the basis for diagnosis. Instead, areas of liver differentiation should be diagnosed as HAS when pathological examination is performed.
In immunohistochemical staining, 85%-95% of cases were AFP-positive, and 30%-83.3% were hepatocyte-positive [11] . Among the 13 patients confirmed with HAS in the present case report, 10 were AFP-positive (76.9%), 8 were hepatocyte-positive (88.9%), and 4 were hepatocyte-unknown. The pathological morphology of all patients was consistent with HAS, and the immunohistochemical staining results were as expected.
Recent studies have pointed to the observations that Sal-like protein 4, hepatocyte paraffin 1, and glypican 3 are significantly more positive in HAS [12] . Some novel technologies, such as liquid biopsies, may increase the positive rate of diagnosis [13] . The combination of hepatocyte paraffin 1 and Sal-like protein 4 could serve as a reliable prognostic factor in HAS.
HAS is primarily treated by surgery, which is supplemented with chemotherapy and other comprehensive treatment modes. Radical surgery is the preferred treatment for HAS, and its surgical principles are similar to those of general gastric cancer. D2 radical surgery should be performed, and comprehensive treatment, such as chemotherapy, should be administered or continued following the operation. Oxaliplatin combined with capecitabine can be used as the main chemotherapy regimen [14] . Patients who are unable to undergo radical surgery at the time of treatment should be treated with fluorouracil, platinum, and other chemotherapeutic regimens, although the effect of chemotherapy is limited, and the reported effective rate is only 15.4%-53.8% [15] . Among the 13 patients in the present case report, 10 received postoperative chemotherapy. The chemotherapy regimen was primarily oxaliplatin and fluorouracil. By the end of the last follow-up, 2 patients were lost to follow-up, 3 patients had no evidence of disease progression, 5 patients had disease progression or had died, and the effective rate of chemotherapy was 37.5%, which is similar to previous reports.
Liver metastasis often occurs in HAS, and interventional therapy is also necessary for the treatment of HAS. Peritoneal arterial stem perfusion is primarily used to increase the effective local drug concentration in the liver, which is conducive to preventing liver metastasis.
Due to the lack of specificity, a high degree of malignancy, and the difficulty of preoperative diagnosis during the early stages of HAS, patients often present with middle-or late-stage HAS.
HAS is highly invasive. The literature reports show that the proportions of vascular invasion, liver metastasis, and lymph node metastasis of HAS are typically greater than those of poorly differentiated gastric adenocarcinoma and primary liver cancer. Liver metastases of HAS were present at the time of detection, with lymph node metastases being identified in 43.8%-100% of cases [16] , and vascular invasion was present in 71% of patients [17] . Preoperative CT and intraoperative examinations of the 13 patients showed no evidence of liver metastases, which was a lower rate than the statistical proportion. Postoperative pathology confirmed lymph node metastases in 10 (76.9%) patients. Additionally, there was vascular invasion in 5 (38.4%) patients, which was a lower rate than the statistical proportion.
The prognosis of patients with HAS is poor, and the literature reports that the average survival period is 10-18 mo and that the 1-, 3-, and 5-year survival rates are 30%-37.5%, 7%-13%, and 8.3%-9%, respectively [7, 18, 19] . Studies have pointed out that preoperative serum elevation of AFP level ≥ 500 ng/mL is associated with a low overall survival rate [20] . The serum AFP level plays an important role in predicting the prognosis of HAS and can be used to monitor the recurrence and metastasis of HAS. If the AFP level of postoperative patients increases, tumour recurrence or metastasis should be considered. Patients with HAS should be closely followed, and follow-up should include imaging examinations and serum AFP measurements. Among the patients in the present case report, by the end of the last follow-up, the survival period was 1-56 mo, with an average survival time of 29.6 mo. The 1-year survival rate was 70% (7/10), and the 3-year survival rate was 30% (3/10); these rates were higher than those in previous studies. Meanwhile, a report found that the 5-year overall survival rate for the disease was 34%, and the authors believe that the prognosis is not as bad as previously thought [21] . This may be due to a better understanding of gastric HAC, more effective examinations and treatment, and more active inpatient consultations than before.
CONCLUSION
HAS is a rare and special type of gastric cancer that is prone to lymph node and liver metastasis and has a poor prognosis. Serum AFP measurement is conducive to the early detection of HAS. The treatment of HAS should mainly involve radical surgery, supplemented by chemotherapy and/or interventional therapy. Serum AFP levels play an important role in predicting the prognosis of HAS and can be used to monitor the recurrence and metastasis of HAS. Close follow-up should be conducted after treatment, including imaging examination and serum AFP measurement. At present, the prognosis of the disease has improved compared with the past. Measurement of AFP, early diagnosis, active surgical treatment, and application of new diagnostic and treatment techniques are conducive to improving the prognosis of HAS. 
